Gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) were used to compare between the essential oil components from needles of Pinus armandii Franch versus P. tabulaeformis Carr., growing on the same site at Taibai Mountain, China. Under optimum extraction and analysis conditions, 65 and 66 constituents each were identified in P. armandii and P. tabulaeformis, which accounted for 87.9% and 87.1%, respectively, of their oils. Based on their terpene compositions, we concluded that these species belong to a high-caryophyllene chemotype, with sesquiterpenes comprising 54.4% to 54.8% of the total contents. We also determined minor qualitative and major quantitative variations in some compounds. Compared with that from P. tabulaeformis, P. armandii oil had more γ-muurolene (7.5%), terpinolene (5.8%), and longifolene (5.7%). In contrast, α-pinene (8.6%) and caryophyllene oxide (7.4%) were the dominant compounds in P. tabulaeformis.
Pinus armandii Franch and P. tabulaeformis Carr. (Pinaceae) are among the most economically important trees in the Taibai Mountain region [2] . Both are native species with extensive ecological adaptability, being widely utilized as a source of timber and gum oleoresins, and in forestation projects. Their products (e.g., turpentine, resins, and essential oil) are used as traditional medicines for treating neurological disorders and arteriosclerosis [3] . Furthermore, the essential oil, a constituent of ointments, inhaled drugs, beverages, and cosmetics, has wide commercial value in the Qinba Mountain area [2, 3] .
The volatile components from different organs and origins of P. armandii and P. tabulaeformis have been the subject of numerous studies [4] [5] [6] [7] [8] [9] [10] . However, only a few chemically oriented reports have compared the chemical composition of volatile constituents between those two species when grown in the same habitat. Since 1953, both have been severely damaged by Dendroctonus armandi and D. valens, two very destructive pests in the forests of Taibai Mountain. Within the same location, the former insect attacks P. armandii, but not P. tabulaeformis, whereas the reverse is true for the latter pest [4, 5] . Therefore, a comparative examination is also important for investigating anti-or induced pest activities in Pinus.
Here, we identified the essential oil components in needles from P. armandii and P. tabulaeformis originating from the same site. Trees were planted in 1966 on Taibai Mountain, at an elevation of 1200 m. By sampling from the same environment, we could minimize the influence of extrinsic factors -geographical, seasonal, and soil --on the qualitative chemical composition of these plants.
The distilled essential oils from P. armandii and P. tabulaeformis were light-yellow, with respective yields of 0.96% ± 0.01 (w/w) and 0.92% ± 0.01 (w/w), on a dry-weight basis. These oils had a spicy odor. GC and 
where t x , t n , and t n+1 are retention times for compound x and n-alkanes having n and n+1 number of carbon atoms, respectively, in molecule (t n < t x < t n+1 ). c Mean value of three determinations calculated from FID areas; relative standard deviation (R.S.D.) values = 0.3 -1.6%. tr (trace): relative content < 0.1%. -: not detected. GC-MS analysis provided the identification of 65 (P. armandii) and 66 (P. tabulaeformis) constituents, which accounted for 87.9% and 87.1% of their oils, respectively ( Table 1 ). In all, 53 compounds were common to both species. Classifications were based on functional groups, as summarized in Table 2 . P. armandii had a relatively higher amount, 40.6%, of sesquiterpene hydrocarbons versus 29.3% for P. tabulaeformis. The data for essential oils from both species indicated that they belong to the sesquiterpenerich type (54.4%, P. armandii; 54.8%, P. tabulaeformis). For both, β-caryophyllene, intermedeol, and β-cadinene were among the most abundant sesquiterpenes ( Table 1) . We also examined minor qualitative and major quantitative variations in some compounds. Compared with P. tabulaeformis, P. armandii had higher contents of γ-muurolene (7.5%), terpinolene (5.8%), longifolene (5.7%), limonene (4.6%), bicyclogermacrene (4.5%), and cembrene (4.4%). In contrast, α-pinene (8.6%), caryophyllene oxide (7.4%), α-cadinol (4.4%), and β-pinene (4.3%) were the dominant compounds from P. tabulaeformis. Previous research has proved that monoterpenes, e.g., α-pinene and β-pinene, act as precursors in pheromone biosynthesis or as fungal symbionts, with beetle gut bacteria converting them to the corresponding pheromones [6, 7] . We found that the levels of α-pinene and β-pinene were about 4 and 6 times greater, respectively, in P. tabulaeformis, demonstrating a complex connection between the high selectivity of forest insects and the volatile components (especially terpenes) produced by their conifer hosts. In addition, some components were exclusive to one species, such Essential oil of Pinus armandii and P. tabulaeformis Natural Product Communications Vol. 5 (8) 
as β-thujene and germacrene D in P. tabulaeformis versus p-cymen-8-ol, α-longipinene, longicyclene, γ-cadinene, helifolenol, n-heptadecane, cis-farnesol, myristic acid, α-bisabolol acetate, isophyllocladene, and bifloratriene in P. armandii only.
Essential oils from our two species have previously been reported for trees of different origins [4] [5] [6] [7] [8] [9] [10] . Many similarities are obvious between our findings and that earlier research. For example, α-pinene and β-pinene, the main monoterpene compounds from Pinus essential oils, have been detected in almost all studied samples. Oils from needles of P. tabulaeformis in the Qinling Ranges contain α-pinene, β-pinene, bornyl acetate, β-caryophyllene, α-caryophyllene, α-cadinol, τ-cadinol, and epi-bicyclosesquiphellandrene [4] . Furthermore, Chen et al. have identified α-pinene, β-pinene, 1R-αpinene, β-caryophyllene, cadindiene, α-caryophyllene, D-limonene, and 1S-β-pinene as the major components of mono-and sesquiterpenes in the needles and resin of P. armandi, P. tabulaeformis, and P. bungeana that grow in the Qinling, Taibai, and Huanglong Mountain forest ecosystem [5] . However, diterpenes in pine needle oils have not been given as much attention. In our study, diterpene compounds from P. armandi and P. tabulaeformis were characterized by the presence of cembrene (4.4% and 1.6%, respectively) and thunbergol (2.3% and 2.4%, respectively). In addition, our results differ from those in the literature because we determined that β-caryophyllene was the most abundant compound, indicating that the essential oils of P. armandi and P. tabulaeformis growing on Taibai Mountain are sesquiterpene-rich.
Our current research can be considered the first to focus on the composition of essential oils from P. armandii and P. tabulaeformis trees that originate from the same Taibai area. Thus, our comparative results are significant because they provide a tool for devising protective strategies against local conifer pests. (Tianjin, China). HPLC-grade acetone was obtained from Xi'an Chemical Reagent Company (Xi'an, China). Sample solutions of the essential oils were made by dissolving them in acetone (1/100, v/v). The n-alkane standard solutions of C 10 -C 18 , C 20 , C 24 , C 28 , C 32 , C 36 , C 40 , and C 44 (Catalog No. 48179) were purchased from Supelco (Bellefonte, PA, USA).
Experimental

Plant materials and reagents:
Optimization of the extraction method:
Air-dried plant materials were ground to fine powder, and 100 g from each taxon was separately subjected to hydrodistillation according to the Chinese pharmacopoeia [11] . The essential oils obtained were dried over anhydrous sodium sulfate, then stored at +4°C in the dark before analysis by GC and GC-MS. The optimum extraction period was determined from trials at 1, 2, 3, and 4 h. Those tests showed that the amount of extract increased with time, peaking at 3 h; no great change in accumulation was seen after 4 h. Therefore, we selected 3 h for our subsequent experiments.
Analysis of the essential oils:
We applied gas chromatography with flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS). The former analysis was performed on an Agilent Technology (Palo Alto, CA, USA) Model 6890N gas chromatograph equipped with an FID detector. A fused silica capillary Agilent Technology HP-5ms (5% phenyl methyl siloxane) column (30 m× 0.25 mm i.d., film thickness 0.25 µm) was used for the separations. Injector and detector temperatures were set at 250°C and 200°C, respectively. The oven temperature was raised from 50°C to 240°C at a rate of 5°C min -1 . Flow rate of nitrogen was 1.5 mL min -1 . Diluted samples (1.0 μL) were injected manually in the splitless mode. For semi-quantification purposes, the percentage composition of the oils was computed by the normalization method from the FID areas, which were calculated as mean values of three injections per oil sample, without using response factors. GC conditions were optimized based on the properties of the essential oils. Good resolution and sharp peak shapes were obtained via this simple and linear GC temperature program.
GC-MS was conducted with a Shimadzu QP2010 gas chromatograph-mass spectrometer and Shimadzu ChemStation software (Shimadzu Corporation Analytical and Measuring Instruments Division, Kyoto, Japan). A fused silica capillary Shimadzu RTX-5ms (5% phenyl methyl siloxane) column (30 m× 0.25 mm i.d., film thickness 0.25 µm) was used for the separations. Injector and ion source temperatures were 250°C and 200°C, respectively. A 2-μL aliquot of oil was injected into the column, at a 20:1 split. Operating conditions were the same as those described above.
